Abstract
Introduction
Rheumatoid arthritis (RA) is a chronic, progressive, systemic autoimmune disease. In RA, the basic pathological changes in synovitis similar to tumor growth characteristics [1] . Rheumatoid arthritis caused joint redness, swelling, heat, pain and dysfunction in early stage [2] [3] [4] , changes and progressive erosion, stiffness, deformity, bone loss, muscle atrophy and high morbidity. Rheumatoid arthritis seriously impacts on the quality of life. Rheumatoid arthritis is not only damaged the joints, but also caused the serious complications and a variety of extra-articular manifestations. Without proper treatment, RA would be delay healing, and even lead to joint deformity in late stage [5] .
Over the past century, there were drugs that inhibited the progression of RA, e.g. disease-modifying anti-rheumatic drugs (DMARDs) and biological agents, but the efficacy of the treatment effect is limited [6] [7] [8] . Rheumatoid arthritis treatment using the Chinese herbs had evolved over thousands of years of clinical application. The application was limited because the drugs had more or less toxic and side effects [9, 10] . Tripterygium hypoglaucum hutch (THH) is a traditional Chinese herbal medicine, also known as pink back hook, huobahuagen, smilax, with its active ingredients alkaloids (triptolide type alkali, etc.), diterpene type (epoxy diterpene lactones), triterpenes (triptolide a-level), mainly have the effect of anti-inflammatory, immune and the effect of anti-tumor [11] . Compared with tripterygium, THH takes the advantages of safety and lower toxicity, providing curative effect for the clinical treatment of rheumatoid arthritis, lupus and other autoimmune diseases [12] . Pathological features and immunological characteristics of collagen II-induced arthritis (CIA) rat model are similar to human RA, so the CIA rat model become the best animal model for study of RA. We confirmed that HIF-1α existed in RA synovial tissue and it is related to the degree of inflammation. It indicates that HIF-1α plays an important role in RA synovial tissue and angiogenesis [4, 12] . 
Establishment of rat model

Animal groupings and labeling
Ten rats were assigned to the control group without treatment. The remaining 50 rats were randomly divided into five groups of 10 rats each after CIA rat model was established. They were the control, the dexamethasone treated, the THH treated groups (high, moderate and low doses of THH were given, respectively). Animals in each group were numbered at random from 1 to 10.
Animal vaccination
Collagen II-induced arthritis (CIA) rat model is established by vaccination [13] . Rats were injected into the roots of the rear and tail with 0.5 ml of the emulsion which was mixed by Collagen II and incomplete Freund's adjuvant, the emulsion elicit immune responses. The same emulsion was injected 14 d after the primary immunization. Anesthesia was given by intraperitoneal injection of 10% chloral hydrate (3-3.5 ml/kg). The rat dorsal root hair was cut, both the heads and tails were fixed after alcohol disinfection. Rats were injected with 0.5 ml of the emulsion. Immediately after the injection, a white lump could be seen on the skin. 
Drug treatment
Semi-quantitative RT-PCR analysis of hypoxia-inducible factor-1α α expression in peripheral blood
After treatment, rats were anesthetized and blood was obtained from heart to extract HIF-1α mRNA for PT-PCR analysis. The total RNA was extracted by Trizol from blood sample of 1 ml that obtained from heart, adding nucleasefree water, stored at -80°C. According to the instructions of the two-step RT-PCR kit, first strand synthesis of DNA was obtain from the following step. First is deformation and annealing response: Nuclease-free water was added into dNTP Mixture 1 µl, oligo Dt Prime 1 µl and template RNA 3 µl to total volume of 10 µl, kept at 65°C for 5 min, 4°C and then stored at -20°C. 10 µl of the same denaturation stock solution after annealing, 5 × PrimeScript TM buffer 4 µl, RNase inhibitor 0.5 µl, PrimeScript TM Rtase 0.5 µl and RNase free dH 2 O 5 µl were taken, kept at 45°C for 30 min, 95°C for 5 min and then stored at -20°C. Then, PCR reaction system consists of 10 × PCR Buffer α5 µl, dNTPMixture 2 µl, upstream primer 0.5 µl, downstream primer 0.5 µl and TaKaRa EX Taq TM HS 0.5 µl. GAPDH was selected as an internal control, GAPDH primer sequences were: 
Immunohistochemical detection of hypoxia-inducible factor-1α α expression in synovial tissue
Anti-HIF-1α antibody as the first antibody. Instead of anti-HIF-1α, phosphate buffered saline (PBS) was used for the negative control. Breast cancer was used as positive control. The immunohistochemical staining was performed according to the instructions of SP kit.
Observation of index The general status of rats and weight measurements
Changes of hair color, consciousness, activity status, appetite and joint swelling degrees were observed, body weight of each rat was recorded once a week.
Arthritis index [14]
Four scores method were using. According to the degree of swelling in rat ankle, metatarsophalangeal joints and numbers of the affected joints. Normal: 0 score, swelling in 1 joint: 1 score, swelling in 2 and more than 2 joints: 2 scores, swelling severely in ankle joints: 3 scores, ankle joints and feet severely inflamed: 4 scores. All feet severely inflamed including all ankle joints and claws, sometimes the feet couldn't bear the body weight. The limbs were scored, respectively, and the arthritis index (AI) was calculated for each individual rat by assessing the presence and severity of joint inflammation.
Semi quantitative RT-PCR analysis
Gray scale scanning was performed on electrophoresis strips using an image acquisition and analysis system between the different groups. The ratio between the gray value of HIF-1α mRNA and GADPH bands) was taken as measuring parameters, HIF-1α mRNA expression was analyzed.
The synovial pathology score
The synovial pathology score [15] was using under the HE staining, through following 3 aspects: synovial cell hyperplasis, inflammation and angiogenesis of synovial underlayer. Scores of synovial cell hyperplasia: less than 3 layers: 0 score, 3-4 layers: 1 score, 5-6 layers: 2 scores, more than 6 layers: 3 scores. The degrees of inflammation: no lymphocyte infiltration: 0 score, lymphocytic aggregation: 1 score, diffuse distribution of lymphoid follicles: 2 scores, lymphoid follicles associated with germinal center: 3 scores; Angiogenesis scores: no new blood vessels developed: 0 score, mild angiogenesis: 1 score, moderate: 2 scores, severe: 3 scores. The accumulative summation in the above 3 aspects was the total pathology score.
Assessment and grading the results of immunohistochemical staining
With reference to the method reported by Birner et al. [16] , after the immunohistochemistry staining. Ten fields of each slice were randomly observed (10 × 40). Score was given in accordance with (1) the positive immunohistochemistry staining grade. Scored 0 for no colour, the same as the background-colour of slice; Pale yellow scored 1, slightly higher than the background-color; Brownish yellow scored 2, obviously higher than the the backgroundcolour and reddish brown scored 3. (2) The percentage of positive cells of immunohistochemistry staining. Scored 0 for negative; Scored 1 for less than 10%; Scored 2 for 11% -50%; Scored 3 for 51% -75% and over 75%, scored 4. (3) A positive result was determined by multiply of two integrals. HIF-1α positive cells in both cytoplasm or nucleus dyed brownish yellow or reddish brown.
Statistical analysis
Data were processed by SPSS16 statistical software. Data on normal distribution were expressed by x -± s. Oneway analysis of variance (ANOVA) was applied to test the differences among the groups. P < 0.05, it was considered to be statistically significant.
Results
Collagen II-induced arthritis rat model
In the model group (50 rats), ankle and toe metatarsophalangeal joint swelling was found on 12 days after the first immunization. Swelling was not observed in the normal control group. A significant reduction in joint swelling in all treatment groups after treatment, among them, the effect of dexamethasone is best, but the feet of rats in the model group were still swollen.
Changes of rat arthritis index and the degree of joint swelling
Rats in the normal control group shows no swelling. Surface redness of the rat toes begin to be seen in the model group rats after 7 days from the first vaccination. Skin temperature is increasing, paw swelling, joint stiffness, activity limitation appeared, and then the swelling of joints begin to reduce. After the treatment, all symptom is remission (Fig. 1) . With the development of inflammation, AI increased gradually (Table 1 ). In the control group, AI < 1. 
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The AI in the model group reached a peak level in 21 d, and then decreased.
Pathological changes in rat ankle joints
Normal rat synovium consists of 1 to 2 layers of synovial flat cells, without inflammation and angiogenesis, structural integrity of joints, thick cartilage layers, smooth surface, no structural damage ( Fig. 2A) .
In the CIA model groups, the synovial cell layers increased to 10-15, synovial hyperplasia led to formation of the pannus, inflammatory cell infiltration. As the synovial hyperplasia, intra-articular synovial cell layers growths like fluff, with a lot of fluff inflammatory cell infiltration. Along with time passing, the cartilage and the surface of hyaline cartilage began to damaged, local fibrosis, joint fibrous tissue adhesions and joint bone was damaged (Fig. 2B) .
Dexamethasone had the best therapeutic efficacy in the treatment groups. Normal 2-3 layers of synovial cells were seen in the tissues, almost no inflammatory cell and caused some bone tissue destruction during the model was established (Fig. 2C) .
The high dose THH had anti-inflammatory effect. There were very few inflammatory cells, synovial cell layers increased to 5-6 layers, slightly increased comparing with the normal control group, but there was little destruction of bone (Fig. 2D) .
The moderate dose THH group had the best therapeutic effect in the three THH treated groups. Layers in normal levels; inflammation and the pannus disappeared (Fig. 2E) . Therapeutic efficacy of the low dose treatment group was not so obvious, a small amount of inflammatory cells existed, and bone and joint tissues were destroyed. This would be because of the insufficient dose (Fig. 2F) .
Pathological scores of CIA ankle synovium revealed that there were differences in the joint lesions between the treatment groups and model control group (p < 0.05) as well as normal control group (p < 0.05) ( Table 2 ).
The expression of hypoxia-inducible factor-1α α in the CIA model rat
The expression of hypoxia-inducible factor-1α α protein in CIA synovium
The expression of HIF-1α protein was not found in the normal control group (Fig. 3A) .
The expression of HIF-1α (dark brown color) in the CIA model group was increased. HIF-1α was expressed in the nucleus and cytoplasm. The immunohistochemistry results indicated that HIF-1α was not only expressed in synovial cells, synovial underlay macrophages and part of the vascular endothelial cells, but also expressed in fibroblasts (Fig. 3B) .
The expression of HIF-1α in the dexamethasone-treated group was the weakest (Fig. 3C) .
A small amount of HIF-1α in the synovial cells was expressed (brown color) in the high-dose THH treated group, synovial underlay macrophage, nucleus and cytoplasm of vascular endothelial cells (Fig. 3D) .
Very weak expression of HIF-1α (light brown color) of the moderate dose group showed in the synovial cell nucleus (Fig. 3E) . Relatively small amount of HIF-1α (brown color) was expressed in the nucleus of synovial cells, synovial underlay cells, endothelial cells and fibroblast cells in the low dose treatment group (Fig. 3F) .
The above demonstrated that HIF-1α expression increased in the model group, but significantly decreased in the treated groups. The results of semi-quantitative scoring showed some differences between model and treatment groups in HIF-1α expression (p < 0.05), that it was statistically significant (Table 3 ).
The expression of hypoxia-inducible factor-1α α mRNA in the peripheral blood of CIA rat In molecular level, there was no expression of HIF-1α mRNA in the normal control group, while the high expression of HIF-1α mRNA was found in the model control group. Low expression of HIF-1α in the treated groups (Fig. 4) .
Semi-quantitative method was used for a statistical analysis, using the date that each group' gray value of the purpose band/ the internal reference band. The results showed that there were significant differences in HIF-1α expression between THH (high, medium and low-doses), dexamethasone treatment and CIA model, normal control groups (p < 0.05) ( Table 4) .
Discussion
We can see from the AI value and the results of HE stain, CIA model was successfully established. Symptoms of synovial cell hyperplasia, inflammatory cell infiltration, pannus formation, cartilage and bone destruction occurred in the model rats, all those symptom similar to human with RA. There were significant differences between THH treatment (high, moderate and low-dose) and model control groups (p < 0.05).
It is proved that the expression of HIF-1α is related to both angiogenesis and inflammation in rheumatoid arthritis [17, 18] . As regulator of angiogenesis in RA, it's up regulation of vascular endothelial growth factor (VEGF) [19, 20] . Vascular endothelial growth factor become the new therapy target [21, 22] .
In this study, RT-PCR and immunohistochemistry were using, the differences of the expression in synovial tissue between treatment and model control groups were examined on the level of molecular biology and protein. It demonstrated that THH suppressed the expression of HIF-1α in the peripheral blood and synovial tissue.
Our research reveals that in CIA model THH inhibits the expression of HIF-1α both in peripheral blood and synovial tissue. The inhibitory effect of THH on the expression of HIF-1α leads to further down regulation of VEGF, apoptosis gene expression, inflammatory factor chemotaxis in the peripheral blood and pannus formation in synovial tissue. The effect of THH can increase apoptosis and reduces inflammation [23] . We believe that the effect of THH is correlated with the regulation of HIF-1α expression in the peripheral blood and synovial tissue. Therefore, it provide a new idea for clinical treatment of RA [24] . 
